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ABSTRACT
Mohshin, Mohammad. M.S., Department of Earth and Environmental Sciences, Wright State
University, 2017. Analysis of Well Log Data and a 2D Seismic Reflection Survey in the vicinity
of London, Ohio

During the summer of 2015 a 2D seismic line (WSU-2015), ~2.3km long, was collected by
Wright State University along Watson Road, south of London, Ohio. This seismic line is parallel
to and approximately ¼ km south of ‘Line 6’ of Mayhew (1969), which is one of six analog,
single-fold seismic lines within the area that he studied. The focus of this research is to interpret
the stratigraphy revealed by the new seismic line, especially to evaluate the existence or
otherwise of a fault that Mayhew (1969) inferred in his interpretation. An important step in this
new interpretation was to construct a synthetic seismogram using sonic and density logs from
nearby boreholes.
Mayhew’s (1969) interpretation of a fault was based largely upon an abrupt change of
regional dip and an interpreted diffraction near the top of what he interpreted as the Conasauga
Formation. However, my interpretation is that the Conasauga Formation is unfaulted but does
exhibit significant lateral facies changes. The way these changes were expressed on the older,
single-fold, analog seismic data may have contributed to Mayhew’s (1969) interpretation of a
fault. This result raises questions about four other faults that were interpreted by Mayhew (1969)
and have been included on the geological map of Ohio.
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Introduction

Over several decades, the Department of Earth & Environmental Sciences at Wright State
University has acquired seismic data in Ohio and surrounding regions. These data have been
interpreted to clarify many aspects of subsurface stratigraphy in the region. These details are
important for correlating formation boundaries and identifying changes in formation thickness.
In some cases, a processed seismic line can delineate changes of the facies within a formation by
changes in seismic wavelet amplitude. Also, seismic reflection data can show features such as
formation heterogeneity, oil and gas prospects, and structural features such as folds and faults.
Many faults have been identified and mapped in Ohio. Some of those were identified and located
using only analog and single-fold seismic reflection data. Given the limits of these data, it is
useful to re-evaluate these faults with new digital and multi-fold seismic reflection data,
especially when considering the importance of nearby faults to the safe operation of waste water
injection wells.
For his Ph.D. dissertation at The Ohio State University, Mayhew (1969) collected and analyzed
six analog, single-fold seismic lines in west-central Ohio. Two of the lines were of poor quality
and were not considered. However, analysis of the other four lines led to the interpretation of
five faults. Two of the seismic lines (identified as numbers 4 and 6) crossed through Madison
County, Ohio, in an E-W direction and three faults with N-S strike direction were identified on
these lines. In particular, one of these faults can be evaluated using a new seismic line collected
during the summer of 2015.
This seismic line (WSU-2015) extends for ~2.3 km along Watson Road, south of London, Ohio
(see Fig. 1). It is parallel to and approximately ¼ km south of “Line 6” of Mayhew (1969).
Details of the field recording and subsequent processing are given in a later section. The closest
deep well with geophysical well logs available is the Madison #7 (API: 3409720007000), which
is located 6.4 km (4 miles) south of the seismic line (see Fig. 1). Unfortunately, that well does
not have a sonic log. The nearest well with both sonic and density logs is the Fayette #11 well,
which is 24 km (15 miles) south-east of the seismic line.

1

The focus of this study is to evaluate what this new seismic line reveals about the stratigraphy
and structure in the region. Importantly, it provides a way to re-evaluate the faults previously
identified by Mayhew (1969), especially the one he identified on his “Line 6”.
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Objective

The objectives of this study are to evaluate a newly collected seismic line together with
geophysical well log information to:
1) identify formations tops;
2) create a synthetic seismogram and compare it to the seismic data;
3) look for evidence of a fault or faults within the new seismic line at the locations identified by
Mayhew (1969);
4) evaluate the available information to interpret the stratigraphy of the region.

Figure 1: Location of the WSU-2015 line (Yellow marker; not drawn to scale) and surrounding
wells (red dots). Wells are identified by API number; some labels also include log types. Note
the locations of the Madison #7 and Fayette #11 wells used in this analysis. (From Google
Earth Pro)
3

Stratigraphy

The topography in the vicinity of the seismic line is generally flat and surficial sediment is
composed of glacial drift. As shown in the Geologic Map of Ohio (Figure 2), the uppermost
bedrock in the region is Silurian in age. Below this are rocks of Ordovician and Cambrian age.
Below these is the pre-Paleozoic “basement.” This stratigraphy will be described here from base
upward.

Figure 2: Bedrock Geologic Map of Ohio showing the location of WSU-2015 line (red color).
(modified from Ohio Division of Geological Survey, 2006)
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a)

Precambrian “Basement”

In western Ohio, the basement is composed of the Eastern Granite-Rhyolite Province (EGRP),
which is composed of igneous rocks. Adjacent to the east is the Grenville Province, which is
composed of metamorphic rocks. A 30-mile-wide, zone of strong north-south oriented magnetic
anomalies (Figure 3) is likely the Grenville Front Tectonic Zone (GFTZ) which separates the
EGRP from the Grenville Province. (Janssens, 1973)
Anatectic melting of preexisting Paleoproterozoic crust during the period 1.3-1.5 Ga created
the Eastern Granite-Rhyolite Province (EGRP) in western Ohio. Around 0.9 Ga, continent-tocontinent collision caused compression and crustal shortening expressed as the Grenville
Province across the eastern 2/3 of Ohio.

Figure 3: Reduced-to-Pole Magnetic Anomaly map of Ohio. Also shown are important seismic
lines (numbers; note red dot for WSU 2015). The broken line shows the location of the
Grenville Front (modified from Richard et al., 1997).
5

During this event, Grenville rocks were thrust westward over the EGRP, creating the Grenville
Front (Drahovzal et al., 1992).

b)

Cambrian

The Cambrian Period spans from 542 to 488 Ma. Cambrian rocks are not exposed anywhere in
Ohio. (Hansen, 1998)

b.i) Mount Simon
The lowermost Cambian strata comprise the Mount Simon Formation. It is generally white, pink
or purple in color and fine to coarse grained, moderately to well sorted quartz arenite or arkosic
sandstone. Sandy and silty shale is also present in some beds (Patchen et al., 2006). Sediments
were eroded from the exposed Precambrian craton, then were reworked (Huck, 2013). Due to the
absence of identifiable body fossils, the precise age of the Mount Simon is uncertain. A
conglomeratic sequence is present at the basal part of the formation. The contact between the
Mount Simon Formation and the overlying Eau Claire Formation is gradational. The top of
Mount Simon contains coarse grained clean sands with lower GR (gamma ray) log response than
the overlying Eau Claire or equivalent Rome Formation, which have higher GR responses. The
Mount Simon has high porosity and some portions have an abundance of potassium feldspar.
Sedimentary structures include planar lamination and cross bedding. (Saeed and Evens, 2012)

b.ii) Rome Formation
The Rome Formation in eastern Ohio is predominantly dolomitic with siliciclastic sandstone and
siltstone, whereas in central Ohio, it consists predominantly of siliciclastic sandstone, siltstone,
oolitic dolomite and shale. The sandstone is very fine grained, poorly sorted and non-glauconitic,
interbedded with sandy dolomite (Janssens, 1973). The log data from the Immel #1 well in
Madison County, Ohio, indicate the contact of this formation with the Conasauga formation
changes from the overlying glauconitic sandstone with interbedded shale and limestone to nonglauconitic sandstone with interbedded siltstone and oolitic dolomite of the upper portion of
Rome. The Rome Formation grades laterally into the Eau Claire in western Ohio, and
intertonguing of the beds of these two formations occurs in the study area. Donaldson et al.
6

(1988) stated that fossils found in the shales of Rome Formation indicate that it is middle
Cambrian in age.
This formation is best identified based on the cyclic responses of GR, density and other logs in
the lithology.

b.iii) Conasauga Formation
The Conasauga Formation is late Cambrian in age. It is thicker in south-central Ohio and thinner
in northern Ohio (Janssens, 1973). The thickness measured in the Immel #1 well in Madison
County, Ohio, is about 180 feet. In central Ohio, it is a mix of siliciclastic and carbonate
sequences (Banjade, 2010). Calvert (1962) described the lithology of the Conasauga Formation
as glauconitic, micaceous siltstone and very fine-grained sandstone with micaceous shale and
partly dolomitized limestone. Janssens (1973) described the Conasauga Formation in southcentral Ohio as a sequence of interbedded shale with glauconitic siltstone, fine-grained sandstone
and oolitic dolomitized limestone. To the north and east, the basal portion of this formation thins
and grades into the Rome Formation while the upper portion grades into the sandy dolomite of
the Kerbel Formation in the north and the Knox Group in the east (Janssens, 1973). Janssens
(1973) suggested that the Conasauga Formation was deposited in a deltaic environment while
Donaldson et al. (1988) and Banjade (2010) believed it was deposited in a tidal to subtidal
depositional setting. The contact with the overlying Kerbel Formation is defined by a change in
grain size (Banjade, 2010) and the presence of slightly to non-glauconitic sandstone or sandy
dolomite.

b.iv) Kerbel Formation
The Kerbel Formation is of late Cambrian age. It is around 76 feet thick in the study area. The
basal part of the formation turns more dolomitic toward the east (Banjade, 2010). The formation
thins and pinches out into overlying Knox Group in eastern Ohio (Ryder et al., 2008). This
marginal marine unit is dominantly siliciclastic sandstone with minor dolomitic beds. According
to Janssens (1973) and Hansen (1998), the Kerbel Formation was deposited as deltaic sediments.
Donaldson et al. (1975) interpreted the Kerbel Formation as tidal to subtidal marine
environments. Banjade (2010) identified portions he interpreted as barrier island environments,
but discounted the possibility of flood-tide deltaic depositional system because the Kerbel
7

Formation is laterally continuous. Sedimentary structures like parallel laminated and crossbedded are seen in this formation (Banjade, 2010). The contact with the overlying Knox
Formation is not gradational but instead represents a sharp change in lithology; the basal portion
of the Knox is primarily siliciclastic with only minor dolomite (Banjade, 2010).

b.v) Knox Formation
During the late Cambrian, the Knox Formation carbonate sediments were deposited. The Knox
Formation is above Conasauga Formation and below the Knox Unconformity (Hansen, 1997).
These carbonate sediments were deposited in a tidal flat environment on an extensive continental
shelf. When marine regression occurred during early Ordovician time, the Knox Unconformity
formed with the erosion of the upper portion of Knox Formation (Chuks, 2008). The Knox
Formation is composed of mainly carbonate sediments with minor siliciclastic sediments (Riley
et al., 2002). The Knox Formation is divided into the Copper Ridge (basal), Rose Run and
Beekmantown (top) members. The Copper Ridge dolomite is of late Cambrian age and
composed mainly of dolostone with interbedded sandstone. The Rose Run member comprises a
stacked sequence five sandstone units with thin interbedded dolostone and shales (Riley et al.,
2002, as cited in Wickstrom et al., 2010). The Rose Run member is interpreted as shallowing
upward sequences of carbonates and sandstone with peritidal to shallow marine depositional
environments (Chuks, 2008). Sedimentary structures in the Rose Run member are cross bedding,
flaser bedding or ripple marks (Riley, 1993 as cited in Huck, 2013). The Rose Run member
thickens toward eastern Ohio. The Rose Run and Copper Ridge contact is a sandstone unit. The
Beekmantown member developed during the early Ordovician Period. (Hansen, 1998) and
consists of gray to brown, fine to medium crystalline dolomite (Riley, 1993). The Beekmantown
has a gradational contact with portions of the underlying Rose Run member. In some areas, the
upper contact of the Rose Run forms an unconformity with the lower Ordovician aged
Beekmantown member and divides the Ordovician and Cambrian periods in Ohio (Wickstrom et
al., 2010). The Knox Formation was affected by the formation of the Waverly Arch, which
caused the Rose Run member to thin.
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c) Ordovician
The Ordovician Period spans from 488 and 444 Ma. These are the oldest rocks exposed at the
surface in Ohio. Early in this Period, deposition of Knox Formation ceased as the sea level fell.
During the Taconic Orogeny, deep erosion took place on the surface of Knox Formation forming
an unconformity. Subsequent sea level rise led to the widespread deposition of limestone and
shale (Hansen, 1998).

c.i) Wells Creek Formation
Following erosion of the upper surface of the Knox Formation, rising sea level created a marine
depositional environment. The Wells Creek Formation consists of shale, siltstone, sandstone and
dolomite (Hansen, 1998). The thickness is about of 20 to 25 feet in the study area. The shale at
the base of the Wells Creek Formation separates it from the underlying Knox Formation.

c.ii) Black River Group
The Black River Group is Middle Ordovician in age and ranges in thickness from 91 m in
northwestern Ohio to 152 m in eastern Ohio. The Black River Group predominantly consists of
light to dark gray and brown fine crystalline limestones with some dolomitic beds (Patchen et al.
2006). It is less fossiliferous and composed of cleaner carbonate (indicated by low GR log
responses) compared to the overlying Trenton Formation. This group was deposited across a
low-relief carbonate ramp and comprised of shallow sub-tidal carbonates (Patchen et al. 2006).

c.iii) Trenton Limestone / Point Pleasant Formation and Lexington Limestone
In central Ohio, this interval is represented by a single formation, the Trenton Limestone. This
grades laterally into the Point Pleasant Formation and the Lexington Limestone. The Point
Pleasant consists of interbedded light gray to black limestone, brown to black organic rich
calcareous shales. Clay content is about of 5-20 percent (Wickstrom, 2013). Both the Trenton
and the Lexington limestones are composed of cleaner carbonate and less shale content than the
Point Pleasant Formation (Patchen et al., 2006). The Trenton Limestone is of Middle Ordovician
in age, highly fossiliferous and primarily of light to medium gray crystalline limestone (Huck,
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2013). Depositional environments include mid to inner carbonate ramps with distinct tempestites
(storm deposits). These are distinct from the overlying Utica Shale (Burchette & Wright, 1992).

c.iv) Utica Shale
The Utica Shale is rich in organic materials and has a high enough thermal maturity to be
considered as a source rock for hydrocarbon accumulation. Thickness ranges from 100 feet at the
western Ohio to 500 feet in eastern Ohio (Bergstrom et. al. 1990). It is mostly light gray to black
calcareous shale with few limestone layers. Clay content is about of 30-40 percent (Wickstrom,
2013).

c.v) Cincinnati Group
The basal portion of the Cincinnati Group (Kope Formation) is mainly of light to dark gray shale
and silty shale, while the upper part constitutes alternating sequences of interlayered and
intermixed limestone and dolomite with shale and siltstone (Wickstrom et al. 1992). In ascending
order, the formations of the group are: Kope, Fairview, Miamitown Shale, Grant Lake
Limestone, Arnheim, Waynesville, Liberty, Whitewater and Drakes (Hansen, 1997). Alteration
of limestone and shale sequences in Cincinnati series are represented by three cycles: a) Stormy
cycle (less than 0.5 meter thick), represents the alternation of limestone or siltstone beds with
individual shale beds. Sediments are deposited by storm generated strong currents; b)
Megacycles (0.4-4 meter thick) represent clear water sedimentation with abundant biological
productivity; c) Shoaling-upward cycle (40-200 meter thick) is defined by repetition of
lithological sequences within the Cincinnati series. Kope and Fairview formations are the result
of this cycle influenced by transgression and regression (Tobin 1982). These formations are the
lowermost in the Cincinnati group and span two of the six third order depositional sequences.
Kope formation is about of 75-80 percent thick, grey calcareous shale and 20-25 percent thin
bedded fossiliferous limestone. Fairview formation is about of 50 percent clastic and chemically
precipitated rocks. The Grant Lake formation constitutes 70-75 percent discontinuous limestone
and 25 to 30 percent thin shale (Holland 1993).
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d) Silurian
This period began over 444 million years ago when Ohio was south of the equator
and shallow warm seas invaded Ohio while depositing mostly chemically precipitated rocks such
as limestone, dolomite, anhydrite etc. The clastic rocks are likely sourced from the Ordovician
Taconic Mountains. The Silurian is also known as ‘Age of Corals’ as many species evolved due
to the sea level rising in that time. Recrystallization of Dolomitic rocks destroyed the fossils in
Ohio, but in southern Ohio where this study area is located, much limestone and shale are
fossiliferous. This period spanned 444-419 million years ago. Quarries in Silurian limestone and
dolomite are economically important because of its uses in roads, building construction and
chemical industries, etc. Some of the prominent formations in the study area are the Tymochtee
Dolomite and Greenfield Dolomite, the equivalents of Lockport Dolomite, Dayton Formation
and Brassfield Formation. These formations are mainly composed of dolomite and limestone.
(Hansen, 1997)
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Methodology

a) Parameters for recording WSU-2015
WSU-2015 is 2.3 km (1.45 miles) long. The maximum number of traces recorded per shot was
75. Shot points between 101 to 138 were recorded by receivers numbered 101 to 175 and the rest
of the shots were recorded by receivers from 119 to 193. Data were collected using 90-gram
seismic explosive sources in shot holes 4-5 feet deep. Most of the noise on shot records are
guided waves, ground roll and air blasts. Some traces were bad due to 60 Hz leakage. Nominal
receiver and source station intervals were 82.5 feet. Receivers were located between elevations
of 1025 feet to 1075 feet above sea level. The spread geometry was chosen as shot through the
spread. WSU-2015 line overall consisted of two straight segments with a slight bend in the
middle of the line. Each geophone string consisted of 12 geophones having 28 Hz frequency. A
shot was skipped at several locations due to poles and other infrastructures. Common Depth
Points (CDPs) range from 202 to 373 and the nominal distance between CDPs is 41.25 feet. The
coordinate system was the NAD83 Ohio State Plane South (feet). The recorded system was a
cabled 24-bit ARAM-CDP system recording at a 1ms sample rate using 3 Hz low cut and a 246
Hz high cut and 60 Hz notch filters. The field data were subsampled to 2 ms during processing
and whereas 4 second data were recorded only 2 second data were used during processing. The
data were processed gratis by Earth Resources Technology LLC of Denver, Colorado. Five
velocity-CDP functions were chosen and a datum for static correction was specified as 1000 feet.
A velocity of 8000 ft/s was used for surface static corrections. Seismic data recording was
observed and supervised by Dr. Ernest Hauser. Shots were provided by Precision Geophysical
Inc.
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b) Processing Sequence of WSU-2015
1. Demultiplex
2. Shot / Trace Edits
3. Geometry and Survey Information
4. Geophone De-Phase

28 Hz. / 1 ms

5. Surface Consistent Deconvolution
Design Gate for both Source and Receiver
Operator Length = 128 ms.

Pre-Whitening = 3.0%

Single Window:
0 ft.

open: 125 ms

closed: 1400 ms

5280 ft.

open: 650 ms

closed: 1400 ms

6105 ft.

open: 700 ms

closed: 1400 ms

6. Spherical Divergence Gain Recovery
7. Resample

1 ms to 2 ms

8. Sort into CDP gathers

2-D Line

9. Datum Corrections

Refraction Based
Datum:

1000 feet

Vel (W)

4000 feet / sec.

Vel (SW) 10000 feet / sec.
Vel (COR) 10000 feet / sec.
10. Zero-Phase Spectral Balancing:

15-130 Hz.

11. Velocity Analysis – 3 passes
12. NMO Corrections every 1/3 Mile
13. Muting: First Arrival Stretch
14. Filtering:

Zero Phase

Low 15 Hz.

Operator Length

High 100 Hz.

512 ms

Start 0 ms End 2000 ms

15. Trace Balance
16. Surface Consistent Statics:

Gate:

200 - 1000 ms

17. CDP Trim Statics:

Gate:

200 - 1000 ms

Maximum Shift 4 ms
18. Common Depth Point Stack:

37 fold
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19. FX Deconvolution
20. Migration
21. Frequency Domain Spectral Balancing:

20 - 100 Hz.

c) Synthetic Seismogram Modeling
Digitizing Well Logs & Defining Formation Tops
Twenty “las” files were digitized from well log “tiff “images for analysis in Hampson-Russel
and PetrelTM software for log correlations. Only a few were used for seismic modeling. Most of
the well log data were collected between 1960 to 1997 and some well logs were very hard to read
because of the poor imaging of the scanned “tiff” files. Most of those are gamma ray, sonic and
density logs with a few conductivity and induction logs. The well nearest to the seismic line is
the Madison #7 (API: 34097200070000), which is located 6.4 km (4 miles) south of the WSU2015 line while the rest are 16 to 40 km (10 to 25 mile) from the seismic survey location (Figure
3). Unfortunately, the nearest well does not have a sonic log. However, it was possible to derive
a sonic log using Hampson-Russel software based on the available density log data. All the
formation-top names and their corresponding reported depths for Madison #7 were deemed
correct except for the unit identified as “Granite wash,” for which there is insufficient
information. Digitizing the “las” files from the scanned logs had to be done carefully to avoid the
effect of borehole wash-outs.
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Wavelet Extraction
The processed seismic data are zero-phase so the synthetics produced from well logs need to be
zero-phase. Therefore, to employ a zero-phase wavelet in modeling, a statistical wavelet (Figure
4) was extracted from the seismic data over a time window between 200-540 ms Moreover, lowfold data of the seismic section were also excluded. The wavelet calculated length was chosen as
100 ms with a taper length of 15 ms

Figure 4: A statistical wavelet extracted from WSU-2015 seismic line using Hampson-Russell
Software. Upper graph shows the wavelet time response, with time (ms) on the
abscissa and amplitude on the ordinate. The lower graph shows wave amplitude and
phase response with frequency (Hz) on the abscissa, amplitude on the left ordinate.
(blue color shows frequency spectra), and phase on the right ordinate (dashed line
shows 0 phase).
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Results

a) Comparison of synthetic seismogram to WSU-2015
Log files in “las” format were loaded into Hampson-Russell software with location and datum
using the NAD 1927 Ohio South State Plane coordinate system. Scales of the logs were adjusted
and the migrated seismic data were imported. An impedance log was created from the product of
sonic and density log values; then the reflection co-efficient was calculated (Figure 5). A positive
coefficient corresponds to the positive amplitude or peak on the seismic section while a negative
amplitude corresponds to a trough. The reference datum elevation was 1000 feet and the nearsurface velocity was 8000 feet per second to match that of the seismic data. The wavelet
extracted from the seismic data was convolved with the reflectivity log to make synthetic traces
to compare with the seismic section.
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Figure 5: Image from Hampson-Russell v10.1 showing logs for the Madison #7 well, including
the imported Density and GR, transformed sonic (calculated from density log using
Reversed Gardner’s equation) and computed impedance & reflectivity. Formation tops
are also identified. This well is 6.4 km (4 miles) away from WSU-2015 line and surface
elevation here is 1006 feet.
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Log Correlation and Horizons Picking in Seismic Section
Formation tops were identified on the seismic section by comparing the distinctive character of
the reflections in both the synthetic and composite traces from Madison #7. The first strong,
continuous positive reflection (peak) from the top of the synthetic seismogram (Figure 6) is the
top of the Trenton Formation. The negative trough below this is interpreted as the Wells Creek
Formation. Below this, the positive reflection (peak) is the Knox Formation and below that, the
distinctively negative response is interpreted to be the top of the Kerbel Formation. Conasauga
top is interpreted between the peak from the bottom of the Kerbel Formation and the zero
crossing beneath it. Correlation velocity, correlation time, and drift plots were produced. To aid
these interpretations, the P-wave velocity of the synthetic is shown in Figure 6 (blue line); the
reflection velocity of the seismic composite wavelet is also shown (yellow line). If both velocity
curves nearly match, then the horizon picking is considered generally good. The correlation time
plot shows that the picks are well matched in synthetic seismograms for Madison #7 well.
Correlation drift indicates the variance when there is a change between the two velocities. Figure
6 shows that the synthetic from the well matches the seismic data. Hence, the picks for these
formation tops appear to be reliable. The cross-correlation coefficient before time correlation
was 0.060 (Figure 7). After applying a 27 ms time shift, the correlation coefficient rose to 0.550,
which is deemed acceptable (Figure 8).
These interpretations have some uncertainty. The Madison #7 well is 6.4 km (4 miles) south-east
of the WSU-2015 seismic line. Some heterogeneity within formations is expected over this
distance. Also, this well did not have sonic log and the equivalent had to be created from the
density data. For all these reasons, the deepest formation picked was the Conasauga Formation.
This is reasonable because a focus of this study is to re-evaluate the interpretation of Mayhew
(1969) of a fault based on characteristics of the Conasauga Formation.
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Figure 6: Comparison of the synthetic seismogram of the Madison #7 well to a portion of the
WSU-2015 seismic line. Red traces are composite traces of the seismic line and blue
traces are synthetic and produced from well log data convolved with a zero phase
wavelet extracted from the seismic line data. Seismic Reference Datum (SRD) is 1000
feet. Diagram produced using Hampson-Russell software.
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Figure 7: Plot of cross-correlation coefficient versus lag time (ms). Cross-correlation coefficient
at zero lag (vertical blue line) is 0.060. This plot suggests that a time shift of 27 ms
(vertical red line) should produce the maximum cross-correlation coefficient.
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Figure 8: Plot of cross-correlation coefficient versus lag time (ms) with a time-shift of 27 ms.
Cross-correlation coefficient at zero lag (vertical blue line) is 0.550.
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b) Description of formation tops on WSU-2015
Figure 9 shows the seismic line, WSU-2015, with formation picks identified. The
uppermost strong, continuous reflection (peak) at 245 ms two-way travel time (TWTT) is
interpreted as the top of Trenton Limestone. This pick is based on the sharp increase in
acoustical properties expected beneath the shale of the overlying Utica Formation or the
Cincinnati Group. Below the Trenton, the Black River Group and the Wells Creek Formation are
expected to have decreased impedance and appear as a negative trough at 295 ms TWTT.
Resolution of the Wells Creek Formation in these seismic data is low due to the small thickness
of approximately 21.3 meter (70 feet). The next strong continuous reflection (peak) is identified
as the top of the Knox Formation, which is about 213 meter (700 feet) thick. Top of the Kerbel
is interpreted as a negative trough at 385 ms. Although, the Top of the Conasauga Formation
shows a decrease of density and velocity in the logs (Figure 5), the negative reflection is
superimposed by the strong, positive reflection from the bottom of Kerbel Formation above it.
Hence, the Conasauga top is interpreted between the peak from the bottom of the Kerbel
Formation and the zero crossing beneath it at about 395 ms.
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Figure 9: WSU-2015 line with Two Way Travel Time in ms on the vertical axis and CDP number on the horizontal axis (note
that east is on the left and west is on the right). Colored lines show interpreted formations, which, from the top are: Trenton, Black
River Group, Wells Creek, Knox, Kerbel and Conasauga.
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c) Changes within the Conasauga Formation
The Conasauga Formation is known to have various lithofacies in central Ohio, with interpreted
depositional environments ranging from tidal to deltaic systems. This heterogeneity is expressed
in lateral variations of seismic response on WSU-2015, as seen in Figure 10 and Figure 11.
Figure 10 shows that beneath the top of the Conasauga on the western half of the seismic line,
the response is a negative trough. This is expected if shaly facies are present there. On the
eastern half of the seismic line, the response in the vicinity of 410 ms is a positive peak,
suggesting that facies there are less shaly.
Figure 10 also shows the projected positions of shot points 97 and 98 from Mayhew’s (1969)
seismic line #6. These are important because Mayhew (1969) interpreted a fault between these
shot points at the level of the Conasauga.
Figure 11 shows details within a portion of the seismic line corresponding to the position of the
fault interpreted by Mayhew (1969). These details indicate that facies within the Conasauga
change from type A (less shale) in the vicinity of shot point 97 (east) to type B (more shale) in
the vicinity of shot point 98 (west). Facies A spans 1.25 km (0.78 miles) of WSU-2015) and
facies B spans 1.1 km (0.68 miles). Importantly, this detailed view shows no evidence of a fault.
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Figure 10: Seismic line WSU-2015 (east on left; west on right). The positions of shot points from the seismic line #6 of Mayhew
(1969) are projected onto this line (SP 97 and SP 98). Line #6 is 0.25 km (0.15 mile) north of WSU-2015. The red
rectangle focuses attention on the seismic character between these positions at the level of the Conosauga Formation.
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Figure 11: The portion of WSU-2015 at the level of the Conasauga Formation within the red rectangle on Fig. 10. The changing
seismic character supports the interpretation of two facies within the Conasauga: facies A (more shaly) in the east and
facies B (less shaly) in the west. Note that facies A underlies Mayhew’s shot point 97 whereas facies B underlies shot
point 98.
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d) Evaluating evidence for faults
There is no fault identified on the Paleozoic section of the processed seismic data with no
evidence of either displacement of reflectors or associated diffractions. WSU-2015 line location
area is flat and stable shelf. Paleozoic reflectors show no dipping. Between shot points 97 and 98
of seismic line 6 surveyed by Dr. Mayhew and his associates, there was a fault identified which
is here being reviewed in this dissertation. The dip of the fault was not specified while the throw
of the fault was mentioned as 100 feet approximately at the top of Pre-Mount Simon. The eastern
side of the fault block was suggested as down thrown (Mayhew, 1969). No strong geologic data
were provided to substantiate the presence of the fault other than the analog seismic reflection
data. Within Conasauga lithology, there was a diffraction recorded on line 6 by Mayhew (1969)
from the fault location. Except the Conasauga formation, at the other two lithology (Trenton and
Precambrian Unconformity Surface), the fault was identified based on the regional gradient
(Mayhew, 1969). So, the fault was justified primarily based on the diffraction seen within the
Conasauga. Line 6 (Mayhew, 1969) is approximately quarter km north to WSU-2015 line while
assuming Conasauga lithology doesn’t change distinctly at N-S strike direction. Shot points 97
and 98 between which the fault was detected by Mayhew (1969), were spaced by 1.4 km
approximately and fall into the similar zone parallel to the WSU-2015 line (Figure 10, 11); thus,
referring that those shot points (97, 98) should belong to different facies. Thereby, a diffraction
seen on the recording data of line 6 (Mayhew, 1969) could be due to the response from two
different facies.
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Conclusion

In this study, seismic line WSU-2015 was collected to explore the presence and nature of
a fault previously interpreted by Mayhew (1969. His interpretation was based on single-fold
analog seismic data in Madison County, Ohio. This new seismic line is parallel to and only 0.25
km south of Mayhew’s line 6. Even so, these data did not reveal such a fault. The previous
interpretation was primarily based on an interpreted diffraction within the Conasauga Formation
on the single-fold seismogram having a large station spacing. Analysis of the new seismic data
suggests that facies vary laterally within the Conasauga Formation.

This variation likely

confused the interpretation of the earlier single-fold data.
The Paleozoic stratigraphy (formation tops) of the new seismic line was determined using
a synthetic seismogram produced from the Madison #7 (API: 34097200070000) well. Using the
synthetic seismogram, the well log data were tied to the new seismic data. The cross-correlation
coefficient was increased from 0.060 to 0.550 by introducing a time shift of 0.27 ms. This result
is satisfactory for identifying the Paleozoic reflections on the seismic section.
This new seismic line lies within the area of the Grenville Province east of the trace of
the Grenville Front as defined by the regional potential field data and scattered bore holes.
However, only weak, discontinuous and variably dipping reflections are seen at travel times
greater than the base of the Mt. Simon (~0.5s TWT). Therefore, the seismic line reveals little
about Grenville structures and these were not discussed.
The results of this study indicate that the other four faults (5 total) interpreted in the
previous study (Mayhew, 1969) should also be reexamined.
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